Across many industries, particularly in health care delivery, interdependent work is performed under conditions that make bounded stable teams infeasible, creating a need to understand factors that foster teaming in the absence of team stability. Teaming refers to coordination and mutual adjustment during episodes of interdependent work. The present research investigates teaming in the high-stakes, fast-paced setting of a hospital emergency room, and focuses on the effects of a new organizational structure, which we call a team scaffold, on teaming effectiveness and performance outcomes. Using a multi-method research design with qualitative interview and observational data and quantitative operational data analyzed with adapted network methods, we examine whether and how team scaffolds facilitate teaming in a dynamic work environment. Although team scaffolds were implemented with little or no membership stability, their introduction triggered significant changes in teaming networks and behaviors in ways that improved operational performance. Implications of team scaffolds for theory and practice are discussed.
Introduction
On an ordinary weekday afternoon in the Emergency Department at City Hospital, technicians, nurses, and physicians were communicating and coordinating like members of a sports team playing a fast-paced competitive game. They called out to each other with updates, stating next steps for treating each patient: "Who has [patient] White? I need a BP 1 ." "I got it!" "That's all we need, and then she can go." "Hey, labs are back for Reyes. Did you see her K 2 is high?" "Let me see."
"I need help NOW!" "Coming!" "Coming!" "What's going on?" -excerpts from field notes This type of rapid back-and-forth communication, observed during the present research, continued throughout the day, helping these clinicians coordinate and prioritize their actions to provide emergency care to patients. Real-time coordination to carry out interdependent work, which we refer to as teaming, was essential to their success. The above episode of fast-paced teaming indeed has much in common with 1 BP is an abbreviation for blood pressure test. 2 K is an abbreviation for the level of potassium in a patients' blood, as reported in a lab test.
3 sports teams on the playing field. Yet this particular group of highly-trained knowledge workers had not worked together before, and their shifts did not even fully overlap.
More and more firms operate in a fast-paced 24/7 service economy characterized by irregular work schedules and multiple shifts (Barnett and Hall 2007; Presser 2003) . Shift work was previously a hallmark of low-paid service-sector jobs and has always been prevalent in the health care professions, but it is now also increasing in banking, data processing and information technology (Blau and Lunz 1999; Cunningham 1989; Presser 1999) . Although staggered round-the-clock staffing provides flexibility, it also involves considerable flux in personnel, meaning the composition of professionals may vary greatly from one shift to the next, and even from one day to the next.
At the same time, organizational work is increasingly interdependent and team-based (Devine et al. 1999; Salas et al. 2008) . Team-based work provides real benefits like access to more and diverse knowledge (Cummings 2004; Dahlin et al. 2005) , gains in accountability and efficiency (Hackman 1987; Weldon et al. 1991) , satisfaction (Batt 2004) , learning (Edmondson 1999 ; Van der Vegt and Bunderson 2005) , and synergistic processes (Larson 2010 ).
These two trends at first seem contradictory. In shift work, particularly with multiple shifts and 24/7 operations, people change constantly throughout the shift, the day, and the week. Operating with constant turnover is feasible, because shift work tends to be organized around roles, or activity-based identities that can be assumed by anyone with the necessary training (Bechky 2006; Turner 1990 ). Roles and role structures thus enable coordination among constantly changing individuals; role structures are depersonalized and do not depend on the unique identities or relationships of the people occupying the various roles (Bechky 2006; Bigley and Roberts 2001; Klein et al. 2006 ).
In contrast, work teams routinely depend upon members knowing each other's unique skills and experiences to work seamlessly together to accomplish complex interdependent tasks. For this reason, team membership stability has been considered a powerful source of team effectiveness (Wageman et al. 2005) . A team's ability to draw on the expertise and knowledge of its members promotes performance (Bunderson 2003; Wageman et al. 2005) , and is the basis of a transactive memory system (Lewis et al. 4 2005; Liang et al. 1995) . In general, teams in which members know each other's strengths, weaknesses, expertise and abilities perform better than those that lack this knowledge, allowing them to become "highly skilled in coordinating activities, anticipating one another's next moves, and initiating appropriate responses even as those moves are occurring" (Hackman 2002, pg 27) .
If both irregular, shift-based work and team-based work are on the rise, and if they are also at odds in fundamental ways, one might conclude that these trends exist in separate sectors of the economy.
Yet, shift-based work often involves interdependent tasks that benefit from teamwork. Recognizing this, we investigated the challenges of coordination and mutual adjustment in a shift-based setting where stable teams were not feasible. Our research shows how 24/7 shift operations can include an effective facsimile of stable teams, an idea we began to conceptualize as a team scaffold during data analysis.
We conducted an in-depth analysis of how team scaffolds in the emergency department (ED) of a large urban hospital facilitated coordination and performance in patient care operations. The ED at our research site had implemented depersonalized team-like structures, which consisted of bounded role sets with collective responsibility for team tasks, and which replaced an ad hoc approach to coordination. We employed a multi-method research design that used qualitative methods to develop deep understanding of the design of the scaffolds and their impact on coordination behaviors, combined with quantitative network methods to assess the operational impact of team scaffolds.
Methods

Research Context
We conducted our research in a hospital emergency department (ED). Many EDs in the United
States had recently adopted or planned large-scale process redesigns, some of which included implementing team-based work-designs. The ED redesigns were responding to at least two major problems. First, most EDs were operating at or over capacity because of the high volumes of patients who sought non-urgent care in the ED (Adams and Biros 2001; AHA 2002; Derlet et al. 2001) .
Overcrowding is extremely problematic because it causes treatment delays which can contribute to patient deaths or permanent disabilities (JCAHO 2002) . Second, ineffective teamwork has been cited as a serious problem in many health care settings, including EDs (IOM 2001) . In a review of 54 malpractice incidents in an emergency department, eight out of 12 deaths and five out of eight permanent impairments were judged to be preventable if appropriate teamwork had occurred (Risser et al. 1999) . Errors are often the result of missing information from poor nurse-doctor communication rather than misjudgment (Siegal 2010) . Overcrowding, ineffective teamwork, and other challenges prompted many EDs to implement redesigns aimed at improving patient flow and teamwork.
One common redesign involved dividing an ED into smaller sections, sometimes called pods.
The pods were intended to function as mini-EDs, each staffed and equipped with the personnel and equipment necessary to treat any type of ED patient, although this work plan was not always realized in practice (i.e., certain types of patients continued to be treated in certain pods). The pod redesign was intended to control the scale of the department by dividing staff and patients into sub-groupings. Some
EDs also attempted to organize some type of team structure in their new pods.
Background and Site Selection
In preparation for this study, we interviewed leaders and staff at seven EDs about their work processes and redesigns (either proposed or realized), and visited five EDs in person. During these discussions, visits, and interviews, we learned about the work context, typical work flow, and typical role responsibilities of nurses, physicians, and ED techs. We observed broad similarities across the EDs, mostly around the division and structure of labor between nurses and physicians, and the general flow of patients through the department. We chose "City" Hospital for in-depth analysis because it represents the kind of extreme case that is productive for building theory (Eisenhardt 1989) . City Hospital was extreme because of its relative success in establishing a new structure. The case thus provides data that illuminate how a team-like structure can facilitate depersonalized role-based coordination in a highly fluid staffing environment and how such a structure influences the behavior of participating individuals.
Research Site
City Hospital's emergency department was a high-volume ED that implemented a pod system and also set up a depersonalized team structure in each of the pods. During the study period, the ED 6 provided emergency medical services to an average of over 300 patients a day. At the start of the study period, the ED waiting room was often crowded, and the "left without being seen" (LWBS) rate, an important indicator for ED performance, was regularly around 30%. A large-scale redesign and process change was implemented to address overcrowding, the LWBS rate, and other operational issues.
Ad hoc coordination. Before the redesign, the emergency department at City Hospital was divided into two sides-one focused on medical patients, one on surgical patients. Each side had separate doctors' and nurses' workstations. Patients were triaged and either held in the waiting room or sent directly to the ED depending on the acuity of their symptoms. Coordination typically unfolded in a series of sequential role-based tasks including taking a medical history, making and carrying out orders, and eventually dispositioning (admitting, discharging, or transferring) the patient. Nurses traditionally took the medical history and carried out orders. Resident physicians ("residents," the physicians in training) were responsible for the decision-making about ordering, diagnosing, treating, and dispositioning. The attending physicians ("attendings," the physicians in charge) oversaw this process. As an academic teaching hospital, City Hospital placed considerable emphasis on the educational component of the work.
Before the redesign, attendings typically held formal rounds (discussion of each patient's status and care plan) with the residents several times a day. The nurses were not typically included in rounds.
The pod system The redesign divided the ED into four stations called pods (a fifth opened soon thereafter to accommodate high patient volume). A pod was a physical location with dedicated computers, counters, supplies, beds, and crash rooms. When patients arrived at the ED, they were assigned to one of the pods. The patient assignment was intended to happen "round-robin" meaning consecutive patients were assigned to pod 1, then pod 2, then 3, then 4, and then again starting with pod 1, then 2, and so on.
The pods were each staffed by one attending, one in-charge resident and possibly another resident or intern, and typically three nurses, one of whom was designated the "Pod Lead." The pods were thus stable structures that persisted over time, but the individuals staffing each pod changed constantly. In fact, within as little as five hours, all of the individuals staffing a pod could change completely as a result of shift changes staggered across roles. The nurses, residents, and attendings (collectively called 7 "providers") were assigned to a pod at the beginning of each shift. These pod assignments were made more-or-less at random, so that providers typically started in a different pod with every new shift. This meant that "pod mates" were typically different every shift as well. Resident education happened within the pods following the redesign, rather than through a department-wide formal rounding process.
Study Overview
To study the new team structure at City Hospital, we used a longitudinal, multi-method research design to benefit from the strengths of both qualitative and quantitative methods, and to reflect the current state of the literature on our research question (Edmondson and McManus 2007) . We used qualitative data -collected through interviews and direct observation -to develop an understanding of the team structures that were implemented and the way that they influenced coordination processes. We used archival data and network methods to capture the complex patterns of role-based coordination that emerge when personnel are constantly changing, and to assess the operational impact of changes to these patterns.
Qualitative Data
Our first visit and set of interviews took place 6 months after the redesign. We conducted indepth interviews with the ED leadership team, and four frontline clinicians. We also observed the pods in action. Following an iterative process of analyzing early interviews and reviewing relevant literature, we conducted a second site visit one year after the redesign. We again conducted semi-structured interviews with ED personnel. We interviewed six attendings, six residents, and eight nurses. During the second visit, we conducted three more days of observation. There was little variation between the two visits in how people described their experience working in the pods, or in what we observed in the pods. The experiences described were also fairly consistent across interviewees. After our first visit to City Hospital, we also read supplementary materials, like physician memoirs or operations manuals, to further our understanding of work in the ED (Crane and Noon 2011; Engrav 2011; Lesslie 2008) .
We have detailed longitudinal quantitative data, but our interview and observation data are exclusively from the period after the redesign and are vulnerable to biased recall in how people describe past experiences. To mitigate this risk, we conducted extensive observation in another emergency 8 department (with a similar work design) in the period before they underwent a pod redesign. The descriptions given by the City Hospital interviewees were very similar to those obtained from the other hospital. For example, City Hospital informants described not knowing their partners and not knowing where to find them, and we repeatedly observed people at the other hospital asking friends within their provider group for help recognizing or locating someone with whom they were sharing a patient. There were of course differences due to different hospital cultures, but because EDs in the US are institutions with common purpose and well-developed roles and norms, there were also many meaningful similarities.
Qualitative Data Analysis
We followed a typical qualitative data analysis approach (Eisenhardt 1989) , iterating between our data, our emerging concepts, and our theoretical framework. We began by analyzing interview transcripts line-by-line to identify common ideas and group them into first-order codes and categories (Miles and Huberman 1994; Strauss and Corbin 1998) . This was an iterative process, involving testing codes against the data, and then recoding until we arrived at tentative categories. We then proceeded with axial coding by consolidating categories into higher levels of abstractions (Strauss and Corbin 1998) . We developed a conceptualization of team design and structure in this setting and a process model that linked the team design with new coordination behaviors according to the categories that best fit our data. We used a research assistant to code a random selection of interviews as a check on our coding structure (Yin 2003) .
Quantitative Data
We collected quantitative operational data from the electronic medical records (EMR) of the ED.
De-identified summary records of every patient seen in the ED during the 18-month study period were merged with records of the providers affiliated with each patient case during the patient's time in the ED.
The record of the patient case included information about the patient's age, race, gender, diagnoses, acuity, mode of arrival, and disposition (e.g. admitted to the hospital, deceased, etc.). The record also included timestamps for relevant clinical actions including time at triage and time at disposition. The providers affiliated with each case were listed using a de-identified staff number and by provider type.
These data represented over 160,000 patient cases as events and over 800 actors affiliated with those events. We used two-mode network methods to construct networks linking physicians, residents, and nurses through each of their shared patient cases (Borgatti and Everett 1997; Wasserman and Faust 1994) . We call these networks coordination patterns. Because we were interested in looking at changes in these coordination patterns over time, an important research design question was how to divide the patient cases into time slices, each of which would become a self-contained coordination pattern. The most logical "slicing" within a setting organized around shiftwork might be to have each coordination pattern match a single shift because all of the people who could potentially work together would be contained in that time slice. The shifts at the ED were staggered, however, meaning a clean shift break never occurred. We therefore decided to use a 24-hour period to create the slices of time within which to measure the coordination patterns. Using the list of possible shifts provided by the ED leadership, we determined that creating 24-hour slices of time starting at 7am would break up the fewest number of shifts, although there are still a few shifts that get split between two slices.
We created the 24-hour slices by including any patient case with a triage timestamp after 7:00:00am on a given day and before 7:00:00am the next day. This resulted in collapsing the unit of analysis from the patient case (N=160,000) to 24-hour periods lasting from 7am to 7am (N=545). For each 24-hour period, we created a two-mode network and a projected affiliation matrix (Wasserman and Faust 1994) . Two 24-hour periods, one from before and one from after the redesign, matched on number of patients and number of staff are shown in Figure 1 . The coordination pattern networks were illustrated using UCINet software (Borgatti et al. 2002) .
Measures
Performance A critical measure of performance in this setting is efficient throughput of patients.
Performance was calculated as the average throughput time (i.e. the total time a patient is in the ED, from triage to disposition) for a 24-hour period.
Pod implementation
The implementation was designated by a dichotomous variable indicating time before (0) or after (1) the redesign.
Partners
We calculated the number of other providers with whom a focal provider worked during her or his shift, averaged across providers over a 24-hour period. This was the count of the number of non-zero entries in the projected affiliation matrix divided by the number of rows. This is the average ego network size in traditional network terminology.
Repeat collaborations
We calculated the average number of times each focal provider worked with his or her partners. This was the sum of the row-averages (of non-zero entries) within the projected affiliation matrix for the 24-hour period, divided by the number of rows.
Control Variables
We included several operational and temporal control variables (Table 1) .
Insert Table 1 about here
Quantitative Data Analysis
Using the network measures capturing the 24-hour coordination periods, together with the operational summary statistics for the matching 24-hour periods as the outcome variable, we conducted a segmented regression analysis. Segmented regression analysis of time-series data allows for the assessment of how much an intervention changed an outcome of interest and what factors other than the intervention could explain the change (see for example Smith et al. 2006; Wagner et al. 2002) . It is a form of interrupted time series analysis, which is the strongest experimental design to evaluate longitudinal effects of timedelimited intervention (Cook and Campbell 1979) . This method controls for baseline trend and postintervention trend. It also allows for the inclusion of transition periods. Time series regressions are always at risk for auto-correlation, which violates the assumption of independent observations. This is likely in consecutive time periods in an ED; a very busy 24-hour period is likely to affect the next 24-hour period or longer. We tested for auto-correlation using the Durbin-Watson metric. The resulting value (0.93) signaled that correlation is present in our data, so we used Newey-West regression models to adjust the standard errors for the auto-correlation. We also conducted a sensitivity analysis that used patient cases as the level of analysis rather than the 24-hour time slices.
We implemented two steps to test whether the results were due simply to the addition of more staff in the ED. First, we tested the operational impact of the short period of time when more staff were added in the segmented regression analysis and also controlled for the number of staff in the regression model. Second, we ran a separate test using propensity score matching to match each 24-hour period before the pods were implemented with a 24-hour period after the pods that had a similar number of staff and patients and tested the difference in operational efficiency between the two matched samples.
Team Scaffolds and Fast-Paced Teaming
Our qualitative data revealed essential features of the depersonalized team-like structures that had been implemented in the City Hospital ED. These features led us to conceptualize the pod structures as team scaffolds. Our analysis showed that the pod structures were not teams, because the individuals in each pod were in constant flux with little prior interpersonal familiarity at the start of a new shift. Instead they were structures that supported teaming. The term team scaffold is intended to connote an ancillary structure supporting a target entity. In the physical realm, a scaffold is a framework set up to support the construction of a building. In educational psychology, the term instructional scaffolding describes frameworks used to support language acquisition (e.g., Cazden, 1983) . Similarly, when stable bounded teams are not practical, a team scaffold may be used instead to support effective coordination.
Our analysis further suggested that inter-professional coordination behaviors were significantly altered by the imposition of team scaffolds. We identified categories or dimensions of the new coordination behaviors, that is, the dimensions of fast-paced teaming. Finally, we identified mechanisms that linked the team scaffolds with fast-paced teaming and with improved outcomes. Figure 2 shows a conceptual model that organizes the relationships between team scaffold design, behavioral mechanisms, and performance outcomes. As shown, we propose that the team scaffold supported teaming, which was a new way of working together in this environment that involved more frequent, urgent, and effective communication and coordination focused on team-level tasks and goals.
The new way of working, in turn, led to more efficient outcomes. The team scaffold supported teaming by improving both the ability and motivation of participants to engage in teaming. First, their ability to engage in teaming was improved by visibility and proximity. Second, the motivation to team was driven by an increased sense of shared ownership and by competition. Third, a sense of belonging together improved both ability and motivation for teaming at the same time. These effects were pronounced, making teaming in the pods fast-paced and pervasive.
Features of a Team Scaffold
The team-like structures that were implemented at City Hospital consisted of a depersonalized role set, an explicit boundary delimiting those who were populating the role set at any given time, and collective responsibility for whole tasks assigned to the role set. These design features are illustrated in Table 2 . The role set contained role placeholders that allowed people coming on shift to take their places and immediately understand the interdependence and accountability they shared with others. The role set always consisted of an attending, a resident in charge, a pod lead, two nurses, and sometimes one or two other residents or interns. Being part of a bounded role set altered the work experience. A resident reported that after the redesign, the nurses and physicians who populated a pod at any given time focused on functioning together as a "well-oiled machine" and explained how the role set supported this process:
With all of the changing pieces there may be some difficulty, just because you may have a good flow going with somebody and then they leave. But, if you have clearly-defined roles and plug somebody else in who knows what they're doing, it's going to just continue to function fine.
The role set was bounded by a shared physical location. A nurse explained how this worked: "We all sit in the same area, so Pod 1 is all together and Pod 2 is all together. So, you can walk up and find out immediately who your docs are because they're right there." Patients were assigned to specific pods, such that people in a pod shared collective responsibility for treating patients rather than individual providers having responsibility for their own individual patients. One attending explained, "Patients are assigned to your pod, so they go directly back to your pod and you own them -no ifs or buts."
Insert Table 2 about here
In addition, performance results for each pod were always available to anyone in the ED who looked for comparative data in the computer system. One nurse said, "We can look on the computer to see how well our pod is doing. That's usually what people do. We compare the pods: 'We have 15
[patients] and they have 25.'" Every interviewee reported that comparing pods was possible and most reported that it was prevalent. Reactions about whether this was favorable were mixed. It led to competition, which we further discuss below.
At City Hospital, the role sets were populated nearly at random, with no attempt to stabilize or arrange membership. Most of the interviewees estimated that they worked with the same person in a pod only 1 or 2 times per month. One attending quipped that walking into his pod at the beginning of his shift was "like a box of chocolates" (referencing the famous quote from Forest Gump: "Life is like a box of chocolates, you never know what you're going to get.") In short, these team scaffolds were completely depersonalized, meaning any shared identity held by those in the scaffolds was extremely short-lived.
Sequential Role-based Coordination versus Fast-Paced Teaming
The new system changed how interpersonal coordination worked. It began to take the form of fast-paced teaming, with a shared focus on completing a full episode of care, instead of sequential coordination, where individuals focused on completing separate role tasks.
Role-based Sequential Coordination
Before the redesign, role-based tasks typically unfolded sequentially. Work started when a nurse recorded a new patient's medical history and then placed the patient's chart on a counter to signal that the patient was ready for a resident's evaluation. If the resident wanted to clarify something in the chart, he or she would either locate the nurse or ask the patient for the medical history a second time. Next, the resident would look for the nurse who had started the chart to relay information about prioritizing the orders, or simply enter orders into the chart. A nurse would then carry out the resident's orders, such as for imaging or lab tests. The resident would decide the disposition based on the information from the tests. An attending physician oversaw the resident's decisions.
When reciprocal coordination and mutual adjustment of priorities was needed, it tended to occur through face-to-face communication in one-off ad-hoc combinations. For example, moving a critical patient to the top of the priority list involved the nurse finding the patient's resident (or another physician) and saying, "Will you see this patient right away? I think she is really sick." Similarly, a physician might find a nurse and ask him or her to rush a lab order. This system presented challenges to coordination.
People were often unsure with whom they were working, or where to find that person when he or she was needed. One resident reported having to ask other residents what the nurse looked like who had just written in the patient chart, so as to follow-up with that nurse. A nurse told of a similar experience: "It was very segregated. You'd have to figure out who the doctor was, go find them because they could be in a room-who knew where they were?-and then you had to address them." Many people described approaching someone to discuss a patient and being told, "That's not my patient." Relatedly, nurses shared patients with several physicians at the same time. A nurse explained, Before [the redesign], the doctors could have multiple nurses reporting to them on different patients, [such that] they didn't even know who the nurse was for each patient most of the time. So your patient would get admitted and you'd have no clue why. It was like being a monkey, kind of just following or giving medications and moving through this line. You had no explanation of the end result for why it was going in that direction.
Another nurse told us that because of this dynamic, people tended to focus on the task at-hand without a sense of the overall wait in the ED and without a clear way to prioritize their own and each other's efforts.
Coordination as Fast-Paced Teaming
After the redesign, coordination still involved role-based tasks but was more interdependent in completing full episodes of care. A completed episode of care involved stabilizing and diagnosing patients and then moving them out of the ED (to either admission or discharge). With everyone engaged in the shared task of moving their shared patients through a care episode, communication became more frequent and focused, decreasing the time delays between each step of the process and thereby reducing the total time taken to provide care to each patient. Also, the process of moving a patient through an episode of care could occur in parallel for multiple patients. The nurses and physicians interacted constantly, improvising to adjust expectations, treatment plans, and overall understandings of the many, often competing, priorities in the pod.
Interviews revealed three important collaborative behaviors: communicating information to determine or adjust priorities, opening and closing feedback loops, and helping each other.
Communicating information about priorities allowed small tasks with the potential for significant patient movement to occur before longer tasks that would not affect patients as quickly. One nurse described:
If the docs need something urgent they'll say, "Hey, this is just the one last thing we need," and then I'm going to try to make that blood pressure happen before I go do something else that's going to take ten or 15 minutes. I know that BP can take two minutes, and then we can get somebody out of there.
Adjusting plans to accommodate each other's priorities was critical to teaming in this setting, and sometimes took extensive discussion to determine whose opinion about the highest priority should be followed. This kind of negotiation of priorities happened rarely before pods were implemented, because there was a lack of visibility of shared and competing priorities and a lack of shared ownership of each patient through a full episode of care.
People working together in a pod were more likely to verbally ask for things, check-up on requests, and confirm that something had been done. Some of the physicians referred to this as a feedback loop, which was part of the formal protocol for patients who "coded" (i.e., whose hearts stopped beating). In the pods, the feedback loops were adapted to an informal teaming dynamic as well. Another aspect of teaming in the pods was helping each other. Help was given by directly taking on someone else's responsibility, anticipating another clinician's need, or adjusting behavior to accommodate a recognized weakness. Residents described doing some of the nurses' duties if the nurses "were slammed." Another nurse suggested that they traded responsibilities to help each other out: I'll be like, "Hey, I'm having a really hard time sticking this lady. Would you go do this one? I'll go start your liter." Kind of just trading responsibility to help one another out. That way, it's not one person getting the brunt of work if someone else is struggling.
Several nurses and physicians also described recognizing a weakness in one of their podmates, and adjusting to the weakness. For example, one nurse said that she could tell that when working with a certain attending "the pod was going to expand a bit more," so she took on several extra responsibilities to keep the pod moving. Table 3 reports additional data to illustrate the behaviors that comprised fast-paced teaming in this setting.
Insert Table 3 about here
Mechanisms That Improved Ability and Motivation to Engage in Teaming
The qualitative data provided evidence for mechanisms linking team scaffold design to teaming.
The coding structure suggested a natural sorting into mechanisms that improved ability, motivation, and both. Ownership and competition both motivated within-pod teaming. The increased visibility and physical proximity created by the pods created a sense of belonging that motivated it as well, while also making it easier to see and track patient progress. Table 4 contrasts the differences in these mechanisms before and after the redesign. Table 4 about here
The pods supported effective fast-paced teaming by increasing a feeling of ownership, which motivated people to exert more effort, communicate more, and take more responsibility for solving problems that came up. Many interviewees expressed the idea that when someone owns something, he or she takes responsibility for it and cares for it a certain way, and that these actions then reflect positively or negatively on the owner. Individuals in all three role groups claimed ownership for how the pod performed, and most seemed aware that the other groups might also feel responsible. One nurse said the responsibility for making sure the pod was running well belonged to the Pod Lead nurse, while an attending said the pod was "on [his] credit card" at the end of the day. A resident reported, "The attendings do feel ownership, and I think the Pod Lead Nurses do. I think everybody feels like, 'It's my pod. I have a sense of ownership with it." Competition Almost every interviewee described the new group-level behavior of competition between the pods. This was jokingly referred to among the ED personnel as The Pod Wars. The performance metric used to determine who was winning The Pod Wars at any time was the number of patients assigned to each pod, which was visible through the computer system. The round robin triage process also contributed to this dynamic; each pod was supposed to be "dealt" the same number of patients, so if Pod 1 still had 25 patients when Pod 4 was down to 9, then it was said that Pod 4 was winning. Several people attributed the performance improvements to the urgency and improved work pace that came from the competitive dynamic between pods. One of the nurses explained that the way the competitive dynamic would play out is that someone would say, "Pod 1 is killing us!" and then everyone would increase the pace of communication and coordination.
Some were less favorable about the Pod Wars; their concerns were the propriety of talking about caring for patients using terms like "Pod Wars" and the risk of competition preventing pods from helping each other. One of the nurses described the dynamic this way:
You hate to be in that pod that's losing… If one pod is kind of getting killed there isn't a lot of cross-pod help. I feel like, before the pods, somebody was going to help whether they were in your area or not. And I feel like, sometimes, now it's sort of an, "Every pod for themselves," mentality, like, "Ooh, that sucks that you guys have three sick ones. I'm going to go take care of my ankle pain.
Note that this dynamic was played out between groups of people with constantly changing membership.
There was no enduring affiliation with any given pod for any individual to explain the in-group competitive behavior. The pods created a temporally minimal in-group that nonetheless resulted in strong in-group behaviors. One of the attendings explained it this way, It's pretty natural if you think about it. If you think about sports teams when you were growing up and you were playing some sort of pick-up game of any sport, or in [physical education classes in school] if you picked teams, it might be a different team every day, but people want to come together, bond together, and win.
Belonging Both motivation and ability to engage in teaming were improved by a sense of belonging with the other people in the pod. This was apparent in phrases like "my doctor" or "my nurses" that were used to describe working together in the pod. A resident said, "There's more a sense of camaraderie, a sense that 'these are my nurses.'" One nurse explained, "Now there is much more a sense of ownership of each other. I'll say, "My pod isn't running well. Where is my doctor?" And he'll be accountable to me. The doctors will say, "Where are my three nurses, who do I have today?'" People rarely, if ever, claimed each other in this way before the pods were implemented even if they were working together on many shared cases. A resident might have said, "Who is this patient's nurse?" rather than, "These orders aren't done, where are my nurses?" The sense of belonging together supported teaming by making it easy for people to identify their collaborators. People also felt safer and more entitled to ask each other for things and share information. Individuals felt that the other providers were accountable to them, making teaming episodes seem less one-sided and discretionary.
Visibility Another way that the pods supported teaming was by increasing visibility, which increased providers' ability to engage in fast-paced teaming. Visibility refers to the focused frame of reference provided by the pods, which improved each provider's ability to identify partners, see the full range of shared tasks, and to see where problems were generating and how they could be solved. Before the pods, each nurse or physician was implicitly on the hook for attending to the entirety of the space of the ED, the entirety of the clinical staff on the ED, and all of the patients in the ED when doing their work. The focused frame of reference made what was happening with patient flow and collaborators more visible.
Increased visibility contributed to teaming because people could better see and adjust to their teammates' strengths, weaknesses, and struggles. They could also see the problems and priorities that came up during their shared time together. For example, a resident said, "Usually, I can have a pretty good idea [of how well the nurses in the pod are working] within the first couple of patients. I can see how quickly orders are being carried out and how timely the nurses are in bringing important information to me." This description of being able to clearly see how orders are being carried out -indeed watching for when and how they are carried out -was in contrast to a description of how ordering was previously carried out. A nurse said, The thing that was different before [the pods] was that there may have been 15 orders, but nobody really… I don't want to say "cared"... "Cared" is not the right word. But, if it took you 30 minutes to get a lab and [you] first wanted to give them more [medication] , it was fine. If it took you two-and-a-half hours to do the same thing, that was fine, too. There really was no standard, and there was nobody really monitoring things. There was just this giant stack of orders, and you got to them when you got to them.
The focused frame made specific problems more visible and made clear who was responsible for fixing the problems. A nurse said, "The thing is that with a smaller group being responsible for the whole package, you sort of know what's going wrong that day, and it's not just, "Well, nothing is getting done anywhere," throwing your hands up, and just ignoring it."
Physical Proximity The role sets in the pods were bounded by co-location, which improved the ability of providers to communicate frequently and spontaneously. A resident described, "The good part of geographic proximity is the improved communication. I can turn three feet to the right, and say, "Hey, with the guy in 9, can we do this or that? All I'm waiting for from the guy in 7 is his urine, and then he's out of here." Frequent and spontaneous communication as a result of co-location was described by many people as a significant change. One nurse explained that, before the pods, "You had to walk across the ED and be all timid, 'Uh, excuse me?'" She continued, "Now they're in the trenches with us." Limiting the physical distance thus also helped reduce the social distance between the two professions.
Other Factors that Influenced Performance Outcomes
The pod design necessitated hiring additional attendings and nurses to staff each pod. An attending explained, "There was a big plus up of all nurses and attendings the month before we went to the pods, and we made a pretty big dent in times just by doing that. They correctly combined the two."
Changes in Coordination Patterns
Quantitative analysis showed significant changes to the coordination pattern following the team scaffold implementation (see Table 5 ). The overall density of the coordination pattern network decreased, meaning fewer of the potential partnerships in the ED were actually formed. More significantly, a focal provider coordinated with five fewer other providers after the team scaffold implementation, compared to before. This represented five fewer working relationships that each individual had to manage throughout his or her shift. Relatedly, people worked on more cases with their partners. Note that these patterns occurred even though the actual number of people staffing the ED during this period increased by six percent (from 75 people to 80 people per 24-hour period, on average).
Insert Tables 5 and 6 about here
Team scaffold implementation was significantly associated with improved operational efficiency in the ED (Table 6 , Model 1). Even after controlling for various intervention phases, baseline trends, and other operational characteristics, patients' average time in the ED (throughput time) after pod implementation was three hours shorter than before -a nearly 40 percent reduction in time from the previous average throughput time of eight hours. The sensitivity analysis that used patient cases as the level of analysis reported the same operational impact. Figure 3 illustrates the change in throughput time that resulted from the pod implementation.
--------------------------------------------------------------------------------------------Insert Figure 3 about here --------------------------------------------------------------------------------------------
The analyses conducted to address the question of whether the effect was due to the addition of extra staff were suggestive that the pods had an independent and significant effect. First, in the segmented regression analysis, the three-week period of upstaffing was associated with a one-hour improvement in operational efficiency compared with the pre-pod period, and the pod implementation was associated with a three hour improvement, meaning the pods had a two hour marginal effect on the efficiency of the department. Second, the results of the analysis comparing the 24-hour periods matched using propensity score matching (based on the number of staff and the number of patients treated in a 24-hour period) were similar; there was over a three hour difference between the pre and post periods. Table 6 report the results of mediation analysis. The network measures were entered in the regression equation in Model 2. All coefficients are significant in the expected direction (i.e., having more partners is associated with longer average throughput; having more repeat collaborations is associated with shorter average throughput). When both the indicator for the pod intervention and the network measures are entered into the model, the coefficients are still significant but attenuated. A Sobel test (Baron and Kenny 1986; Sobel 1982) for whether the number of partners significantly mediates the relationship between pods and improved performance was significant, as was the less conservative boot-strapping test (Edwards and Lambert 2007; Shrout and Bolger 2002) . This suggests that one mechanism through which the pods improve efficiency is through the reduction of the number of partners each person has during their shift.
Models 2 and 3 in
The coordination pattern changes introduced by the pods only partially mediated the relationship between pods and performance. The pods accounted for three hours of improved efficiency when considered alone, and 1.8 hours of improved efficiency when considered with the mediating variables.
Most of the improvements brought about by the pods were not due to changes in the objective coordination pattern. These results support the proposition that the pods were associated with behavioral changes, as suggested by our qualitative analysis.
Discussion
In this research, we identified and theorized a depersonalized team-like structure that we call a team scaffold, and discovered a set of coordination behaviors likely to occur in the presence of a team scaffold. We presented a theoretical model developed from analysis of qualitative data that explains why a team scaffold can support effective teaming behaviors, and offered several mechanisms underlying this relationship. Two of the mechanisms relate to improved work design associated with the team scaffolds at our research site (Cummings and Worley 2001) and three other mechanisms were directly related to a new social perception of working together as a team that resulted from the team scaffold design.
The two mechanisms that related to improved work design were visibility and proximity. People had a smaller, more focused domain to attend to, which allowed them to better monitor progress and recognize and solve problems. Also, people were physically proximate with their partners, which facilitated communication. These mechanisms could potentially improve coordination even without people feeling that they belonged together in a team.
How Team Scaffolds Facilitate Teaming
The mechanisms related to the new team-level dynamic were co-ownership, belonging, and competition. The group of nurses and doctors in the team scaffold were -and more importantly, feltjointly responsible for a whole population of patients from the moment they registered in the waiting room until they were discharged. People also felt a sense of belonging and mutual accountability to their temporary teammates during the time that they were assigned to a particular team scaffold. With this new sense of belonging, nurses would ask, in effect, "Where are my doctors?" and the doctors would ask, "Who are my nurses today?" instead of saying, "Who is this patient's nurse?" which captures their approach before being assigned to a team scaffold. The performance of the group on their shared whole tasks was publicly benchmarked, which resulted in team-level competition between the team scaffolds.
Notably, the sense of team belonging and competition emerged among people who were working together often as strangers, and usually only for a few hours at a time. The level of personnel flux in the department as a whole did not change following the implementation of the pods, making it noteworthy that a sense of belonging to each other and a sense of team-level competition emerged. The analogy of pick-up basketball teams seems particularly apt: during each new game a completely new set of people comes together. Even without established relationships, they know who is with them and they want to win as a team, so they expect each other to work hard and they do what they can to support each other by calling out their own position or calling out the location of the defense.
Team Scaffold Design and Fast-Paced Teaming
The team scaffold design included a role set -a depersonalized set of role positions organized around the skills needed to accomplish a joint task -along with a boundary that grouped the role set occupants and signaled who was populating a role set at any given time. The bounded role set had meaningful co-ownership over whole tasks. Although there are organizational settings were this kind of design may already be in place, it has not yet been recognized in the research literature as a depersonalized team structure. The team scaffold conceptualization is useful for theory and practice because it provides an explanatory model for understanding a spectrum of depersonalized coordination.
Consider three different work situations that rely on role-based coordination. One may be organized solely around role-based coordination. Many air flight crews and many EDs are organized like this, with no attempt to scaffold team-level dynamics. Instead role occupants are focused on completing their individual role responsibilities. A second work situation may involve depersonalized roles being organized into temporary interdependent groups, but without team-level dynamics actually emerging. It may be useful to examine the design and determine whether the depersonalized role set is actually bounded, and to determine the conditions under which the role occupants will indeed experience collective ownership over a whole task. For example, if the pilot and co-pilot in an air crew are separately benchmarked on on-time arrival and the flight attendants are benchmarked on customer satisfaction, the people populating this role set may be less likely to think of themselves as a team, and less likely to engage in critical teaming behaviors. Similarly, in some EDs, the attending physicians are benchmarked and rewarded independently and other role groups are not benchmarked at all, a situation that is unlikely to facilitate teaming. We encountered these conditions in some of our preliminary field visits to other hospitals. It may be valuable for managers and leaders to consider the whole task for which a whole group should be benchmarked and organize a team scaffold around that task. A third work setting might involve a depersonalized team-based work environment that actually feels like and acts like a team. In that case, a team scaffold may help to explain what makes effective teaming possible, even among strangers. Fluid combat teams, for example, are clearly bounded during a shared mission and may feel co-ownership of the mission, which is a whole and meaningful task. Even if the people populating the team do not have extensive experience working together and are only working together for the duration of that mission, the depersonalized group is effectively supported (scaffolded) to form and function like a team.
In addition to presenting key mechanisms and conceptualizing the team scaffold design, we also dimensionalized the new coordination style, and characterized it as fast-paced teaming. In this particular research site, teaming included communicating information to determine or adjust priorities, opening and closing feedback loops, and helping each other within and across disciplinary lines. The specific behaviors may vary across different work settings, but the basic phenomenon of actively communicating, updating, monitoring, and adjusting to complete a shared task together is the essence of teaming.
Teaming is an important behavioral process for contemporary organizations (Edmondson 2012) .
Insights Captured in the Coordination Patterns
Quantitative data collected over a longer time period provided additional evidence and insight into why and how team scaffolds improve coordination. First, in the absence of this minimal structure, ad-hoc coordination had been inefficient and difficult. Quantitative analyses of coordination patterns showed that individuals were working with many different partners and the overall coordination pattern was dense and complicated. Our qualitative data illuminated the social and emotional dynamics underlying this objective coordination pattern. People reported not being able to find each other, or feeling intimidated or unsure about approaching each other. Nurses and physicians were on opposite sides of a professional divide, asking friends within their profession what a person from another profession looked like with whom they were sharing patients.
After the implementation of team scaffolds, significant changes were observed in the objective coordination patterns. The new coordination patterns reflected the design of the team scaffolds, in that people had fewer partners and shared more patients with each partner. The result of this shift in coordination patterns was greater operational efficiency.
Next we examine the core contributions of this study to the research literature in the areas of work design, social identity, and team effectiveness.
Team Scaffolds and Work Design
Work design is studied in various research streams related to productivity effects of the design of work processes, most notably, sociotechnical systems (Emery and Trist 1969) , job characteristics model (Hackman and Oldham 1980) , and techno-structural change (Adler 1991; Cummings and Worley 2001) .
The focus of work design research ranges from motivating individuals by designing enriched work responsibilities (Hackman and Oldham 1976) to changing whole systems by altering structure and technology, for example setting up self-contained units or matrix organizations (Adler 1991; Cummings and Worley 2001) . Taken together, this research shows that the design of work systems strongly influences outcomes such as motivation, accountability, and efficiency.
Teams constitute a work structure that can be implemented for the purpose of improving how people work together. Teams are designed to include conditions that support effective teamwork, including co-location, open channels of communication, shared responsibility for work, and interdependency (Pinto et al. 1993; Sprigg et al. 2000) . We contribute to this literature by conceptualizing why and how a depersonalized team structure, as opposed to an actual team, can enable effective teamwork, even for people who have no pre-existing relationship or no prior shared team affiliation. In our study, in the absence of temporary team membership, people did not feel shared responsibility for their shared work, and did not actively communicate updates or monitor each other's progress. They also lacked open channels for communication. Because similar work design challenges exist in other work settings that rely on depersonalized coordination, a team scaffold work design may provide a useful intervention. The team scaffold concept is also useful for developing further theory about behaviors that emerge in different depersonalized work designs.
Team Scaffolds and Social Identity Theory
Our findings also contribute to social identity theory. Social identity is defined as "the individual's knowledge that he belongs to certain social groups together with some emotional and value significance to him of this group membership" (Tajfel 1972: 292) . This knowledge brings the individual's self-perception and behavior in line with whichever social group is contextually relevant at a given moment and produces positive in-group attitudes, cooperation, collective behavior, shared norms, and mutual influence (Hogg and Terry 2000) . An explicit team boundary clearly designates a group of people as a meaningful social entity (a team) and thereby establishes a salient group identity that supports collective and cooperative group behaviors (Hackman 2002; Hogg and Terry 2000) . However, research in the minimal group paradigm shows that people will exhibit in-group favoritism even when the group is arbitrarily and minimally defined (Tajfel 1970) . Our research shows how an arbitrary, temporary and depersonalized team boundary can support collective and cooperative team behaviors, as compared to working together interdependently in the absence of a depersonalized team structure. These findings demonstrate that the human tendency to affiliate with groups, even when they are minimally defined, can be harnessed to improve teamwork and coordination.
Team Scaffolds and Team Effectiveness
Finally, our research contributes to team effectiveness research. A central idea in team effectiveness research is that the design of the work team is critical to enable effective team behaviors, and that effective behaviors are less likely in the absence of a supportive design (Hackman 1987 (Hackman , 2002 McGrath 1984; Wageman et al. 2005) . Thus, a manager or a team leader can make explicit design choices about how to structure and organize a stable, bounded group of people to signal that they are a meaningful team with shared responsibility for a task. The core design features of traditional work teams are a "team task, clear boundaries, clear authority, and membership stability" (Hackman 2002, pg. 41; Wageman et al. 2005) . Our research develops understanding of a depersonalized team-like design, where the participants are constantly changing, and are thus not members of a team as typically conceptualized. Team scaffolds, as team shells that can be instantly populated with transitory teams, are organizational structures that may have broad applicability for supporting teaming in settings well beyond the ED. This is important because effective teaming can be critical to organizational performance in numerous situations where stable, bounded teams are not feasible. We thus complement an emerging body of research developing the idea the team mode of coordination (Van de Ven, 1976) actually takes myriad forms. Researchers have identified several types of teams in practice that do not fit previous research models conceptualizing teams as stable, bounded entities (Tannenbaum et al. 2011) . This includes recent research on fluid work teams (Hackman and Katz 2010; Huckman et al. 2009 ), multiple-team memberships (O'Leary et al. 2011) , team learning (Edmondson and Nembhard 2009) , cross-national collaboration and virtual teams (Hinds et al. 2011; Hinds and Bailey 2003) , extreme action teams (Klein et al. 2006 ) and the present study of team scaffolds.
Limitations
In this research, we developed a multi-method research design that allowed us to form a deep understanding of one organization over time. Although generalizability is limited by studying team scaffolds in just one organization, the multi-method design we used provided an appropriate methodological fit for the current levels of understanding of teaming (intermediate) and of team scaffolds (nascent) (Edmondson and McManus 2007) . Therefore, we balanced the strengths and limitations of quantitative archival data against the strengths and limitations of qualitative observation. We believe that by blending these methods our findings comprise more than the sum of their parts. The unique quantitative data provided to us by the organization allowed us to assess patterns of working together over more than 18 months to provide care to nearly 160,000 patients. The qualitative data gathered in the field, in turn, illuminated mechanisms like Pod Wars that could not be seen in quantitative data. We chose this research design to allow an in-depth understanding of how teaming and team scaffolds worked in this setting. An in-depth, within-case analysis is part of the process of developing theory (Eisenhardt 1989 ). Of course, we cannot argue that our findings generalize to other settings. Instead, these findings are suggestive of properties, mechanisms, and consequences of team scaffolds that can be further elaborated in future work. We discovered several team scaffold properties that were important in this setting (e.g. boundedness, public results) that warrant further investigation in more contexts.
A second limitation is that the quantitative analysis focused on operational efficiency and did not include a measure of quality. Because group efficiency goals can be achieved at the sacrifice of quality (Weldon et al. 1991) , and because poor quality in health care is so problematic (IOM 2001) , this is a serious issue. However, there is little theoretical reasoning to support the idea that organizing people into team scaffolds would reduce quality. More communication, visibility, and accountability are likely to improve quality, although we were not able to test this relationship in this study. Fortunately, however, we collected quality data from public agencies for City Hospital and did not find a significant change in quality following the ED redesign. Because these data were reported at the Hospital level, not the ED level, we are unable to draw conclusive statements about care quality in the ED. Future work can explore how the efficiency gains brought about by fast-paced teaming in the team scaffolds affect quality; highlevel results from the qualitative analysis suggested that quality was not sacrificed for speed in this case.
Conclusion
Recall the ordinary moment of seamless coordination in the City Hospital ED with which we opened this article. Moments later, a new resident approached the pod, sat at a computer and began reading down the list of patients in the pod. A nurse gestured to her, and the resident stepped in to help take a patient history, thereby immediately being pulled into the flow of patient care tasks. The team scaffold had created a temporary microcosm for inter-role coordination, facilitating interaction, lowering interpersonal risk, and illuminating areas of interdependence. Anyone starting a shift could come in and occupy a place in the role set, effortlessly becoming subsumed into the bounded chaos of the team scaffold. Would all confusion disappear? Of course not. But complex interdependencies were made easier to manage and people were able to act so much like a real team that you could easily mistake them for one. Our research explored team design at the limits and discovered that a little structure goes a long way. "If the docs need something urgent they'll say, "Hey, this is just the one last thing we need," and then I'm going to try to make that blood pressure happen before I go do something else that's going to take ten or 15 minutes. I know that BP can take two minutes, and then we can get somebody out of there." (Nurse) "There are all kinds of stuff [communicated in the pods] that weren't communicated before: "Hey, I just added on some lines for the patient in 12 that I forgot to order initially. We need to get vitals on that guy. This new one just came in that I'm a little worried about." We communicate constantly in the pod." (Resident) Opening, following up on, and closing tasks "I put in the order, and I wait a little bit and wait a little bit. If I notice that nothing has happened, or the patient hasn't gotten their medication, or the labs aren't showing up as even acknowledged in the computer, I will just go to the Pod Lead or whatever nurse it is and say, 'Hey, do you mind getting that done?' So, it's really just a subtle kind of verbal reminder." (Resident) "You have one particular patient that's been in the waiting room, and it's out of sight, out of mind, but we say, "This patient really needs to be seen. Can you see this patient? Why hasn't this patient been picked up? Why are you skipping over this patient?" It's part of the responsibility of the pod lead to gently remind the physicians." (Nurse) "Sometimes I have to say, after and hour-and-a-half, "Hello? Have you drawn blood on XYZ patient and, if so, what happened?" And they'll be like, "Oops. She was a hard stick, and I couldn't get a line." Then it's, "Why wasn't I notified?" That's usually not a problem because they'll usually tell me first. I make it a point to say, "Hey, let me know if there are problems, because I like to keep things moving." (Resident) Helping each other "Last night the nurse told me "I ordered an x-ray" [on a routine patient]... By the time I finished with my other patient and I went to see her, I could pull up the x-ray. I could see the film and tell that obviously there were no fractures… That helped me expedite the care of her." (Attending)
"When things are going well, the orders pop up. We say to each other: 'There's three of them. You take that one, I'll take this one, and he's going to take that one.' It isn't a lot of, 'Well, that's not my patient. That's on your bed. You need to take care of that.'" (Nurse)
"Most of the time when your patients are in a stable state and there's nothing at the moment that you can do for them, you try to find a patient who you can do something for, whether it be give medications or, if they're ready to be discharged, getting their paperwork together and kind of getting them out, because that can help." (Nurse) "Someone will say "Pod 4 is killing us!" and then the pace and intensity of communication will increase." (Resident) Ownership "Before there was a lack of ownership by faculty and a lack of correlated ownership between nurses and doctors." (Nurse)
"Pod design solved the ownership problem because with one faculty, one resident in charge… there is built-in ownership." (Nurse) Belonging "Before, I had to say, "Which one is Doctor [Jones]?" I didn't know who I was dealing with." (Nurse)
"Knowing who you're accountable to that day and who's accountable to you. It does keep things on track." (Nurse)
Visibility "There was just this giant stack of orders, and you got to them when you got to them." (Nurse)
"With a smaller group being responsible for the whole package, you know what's going wrong that day." (Nurse) Proximity "You had to walk across the ED all timid, 'Uh, excuse me? Now they're in the trenches with us." (Nurse)
"You say to yourself, "What's going on [with that patient]?" and then you go to the doctor, who's sitting very close to you and say, "What's going on with this patient?" (Nurse) Notes. +,*, ** and *** denote signficance at the 10%,5%, 1% and 0.1% levels, respectively. All models include, but results are not shown for the following variables: day of week, time before pods were implemented (trend), upstaffing period (level and trend), training period (level and trend), and time after the pods were implemented (trend) 
